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[57] ABSTRACT 

Ethylene ?uoro-containing copolymers of the ECTFE and 
ETFE type, optionally in the presence of a third comonomer 
in amount comprised between 0.1 and 10% by moles, having 
a viscosity between 102 and 105 Pa.sec with shear rates of 
1 sec-1 measured at the temperature of about 30° C. higher 
than the second melting temperature, and having a rheologic 
curve in the diagram shear viscosity/shear-rate with a slope 
higher than 200, calculated as ratio between the viscosity in 
Pa.sec and the shear-rate in sec“1 in the shear-rate range 
comprised between 1 and 10 sec“ , and having a process 
ability Zone with shear-rate values higher than 10 s_1. 
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11 Claims, No Drawings 
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ETHYLENE FLUORO-CONTAINING 
COPOLYMERS 

The present invention relates to ethylene ?uoro 
containing copolymers having a good processability and 
high mechanical properties. 

More particularly the ?uoro-containing copolymers are 
ethylene copolymers With TFE (tetra?uoroethylene) (ETFE) 
or ethylene copolymers With CTFE (chlorotri?uoroethylene) 
(ECTFE). The commercial name of ECTFE is Halar®. 

It is knoWn that modi?ed and non modi?ed ?uoro 
containing copolymers of ECTFE (ethylene 
chilorotri?uoroethylene), and of modi?ed ETFE (see the 
modi?ers mentioned hereinafter), have good mechanical 
properties Which hoWever dramatically decay With the 
decrease of the melt viscosity (loW molecular Weights). 
Unfortunately the use of these products having higher 
molecular Weights than those used at present, for pipes, 
sheets, and cables, is not possible oWing to the impossibility 
to process them in the conventional machines currently 
used, as it is explained in detail later on. 

As knoWn, said machines Work With a shear-rate from 1 
to 10000 sec-1 of the melt, preferably from 1 to 1000 sec-1. 

For instance the Halar products available in the market 
are 900, 300 and 500 type, Which differ in melt viscosity (the 
Melt FloW Indec (MFI)). The 900 type is characteriZed by 
having a very high molecular Weight (loW MFI), and there 
fore good mechanical characteristics, hoWever it has the 
draWback that it cannot be processed With shear-rates higher 
than about 40 sec-1, it is generally utiliZed from 1 to 20 
sec_1. Indeed if one eXceeds this shear-rate, the manufac 
tured article shoWs a certain roughness and/or the melt 
shoWs instability phenomena in processing Which does not 
alloW the obtainment of the manufactured article. Therefore 
the productivity of these processes is very loW. 

Therefore it is de?ned WindoW or processability Zone the 
shear-rate range of the melt rheological curve (shear 
viscosity/shear-rate) Wherein surface roughness phenomena 
and/or ?oW instability do not appear Generally the viscosity 
measurement is carried out at temperatures of about 30° 
C.—50° C. higher than the second melting temperature of the 
copolymer. 

Moreover if cables are desired to be prepared, it is not 
possible to obtain them With the 900 grade because the 
cables lines Work at With higher shear-rates, generally higher 
than 100 sec_1. 

The present available alternative Was to use the 500 
grade for cables. The 500 grade has a very loW viscosity 
compared With the 900, and has a processability WindoW 
betWeen 100—500 sec_1. HoWever the mechanical properties 
are much loWer With respect to the 900 grade, especially at 
high temperatures, Wherefore the cables do not shoW good 
mechanical properties. 

The 300 grade has an intermediate viscosity betWeen 900 
and 500, therefore it has superior mechanical properties in 
comparison With the 500, hoWever not yet suf?cient to give 
an optimal properties pro?le. Besides the processability 
WindoW is not yet suf?ciently Wide, indeed one can process 
up to a maXimum of 60 sec-1. Therefore it cannot be used 
for cables. 

Therefore it Would be desirable to have available a grade 
similar to the 900 one (good mechanical properties) but With 
a processability WindoW in the Zone of the 500 type. There 
is no product in the market capable of meeting these 
requirements. 

On the other hand if superior mechanical properties than 
those of the 900 grade are desired, this is not possible. This 
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2 
is due to the narroW processability WindoW of the product, 
Which Would have a higher molecular Weight than the 900 
grade, bringing doWn the productivity, since it is necessary 
to shift toWards the loWer limit of the processability range in 
Which the machines Work. An eXample of this application 
consists in preparing pipes With very high performances, 
such as good mechanical resistance, even When subjected to 
thermal cycles at high temperature; and sheets in thermo 
formable processes. 

The Applicant has surprisingly found that it is possible to 
synthesiZe ECTFE and ETFE ethylene ?uoro-containing 
copolymers under such conditions as to obtain products 
having a good processability combined With excellent 
mechanical properties, especially at high temperatures, gen 
erally from 100 to 200° C., preferably from 140 to 180° C. 

The processability of the copolymers of the invention is 
possible at shear-rates higher than 100 sec'1 as the 500 grade 
but With much higher mechanical properties, similar or even 
superior to the 900 grade. In particular to make Halar cables, 
the copolymers of the invention having a melt viscosity 
loWer than 104 Pa.sec at shear-rate of 1 sec-1, preferably 
higher than 102, measured at the temperature of 275° C., are 
used. The viscosity measurement is generally carried out at 
temperatures of about 30° C.—50° C. higher than the second 
melting temperature of the copolymer. 

In the case of pipes and sheets, for instance, the process 
ability of the copolymers is possible at shear-rates loWer 
than 60 sec-1 as the 300 grade but With mechanical prop 
erties clearly superior to the 900. In particular to make these 
Halar articles, the copolymers of the invention having a melt 
viscosity loWer than 105 Pa.sec With shear-rates of 1 sec_1, 
and preferably higher than 103, measured at the temperature 
of 275° C., are used. The measurement of the viscosities is 
generally carried out at temperatures of about 30°—50° C. 
higher than the second melting temperature of the copoly 
mer. 

The copolymers of the invention, optionally in the pres 
ence of one or more comonomers, the total amount of Which 

is comprised betWeen 0.1 and 10% by moles, shoW a 
viscosity betWeen 102 and 105 Pa.sec With shear rates of 1 
sec'1 measured at the temperature of about 30°—50° C. 
higher than the second melting temperature, and shoW a 
rheologic curve in the diagram shear viscosity/shear-rate 
having a gradient higher than 200, calculated as ratio 
betWeen the viscosity in Pa.sec and the shear-rate in sec-1 in 
the shear-rate range comprised betWeen 1 and 10 sec_1, said 
curve having a processability Zone With shear-rate values 
higher than 10 s_1, preferably higher than 50 sec_1. 

The copolymers of the invention generally shoW a 
molecular Weight distribution of bimodal type, ie they 
contain a polymeric fraction of loW molecular Weight having 
a viscosity comprised betWeen 1 and 5 .103 Pa.sec measured 
as above. Said loW molecular Weight fraction being gener 
ally comprised betWeen 5 and 60% by Weight, preferably 
betWeen 30 and 55% by Weight; the remaining part having 
a higher molecular Weight and being in amounts correspond 
ing to the complement to 100% by Weight. 

The high and loW molecular Weight distributions can be 
more or less broad, and/or more or less close, Which shoW 
the contemporaneous presence of polymers having different 
molecular Weight, one With a prevalence of loW molecular 
Weights and the other With a prevalence of high molecular 
Weights. 

Generally the measurement of the molecular Weights of 
the polymers of the invention, as knoWn, is hardly feasible 
because of the poor solubility of the ?uoro-containing 
ethylene copolymers in solvents, for instance methyleth 
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ylketone (MEK), at room temperature. Therefore the gel 
permeation chromatography (GPC) for determining the 
molecular Weights cannot be utilized. 

The How curve, indicated above, shear viscosity/shear 
rate, is measured according to ASTM D3835. 
A process utiliZable for the synthesis of the copolymers 

of the invention consists in modifying the processes for 
preparing Halar, see for instance the European patents EP 
673 952 and 673 951 in the name of the Applicant, that is by 
polymeriZing the comonomers for 40—95% by Weight on the 
total of the obtained polymer, then by adding the transfer 
agent for preparing the loW molecular Weight fraction as 
de?ned above. 

In the polymeriZation phase Without transfer agent high 
molecular Weights are produced. 

During the preparation phase of the high molecular 
Weights, an amount of chain transfer agent, generally loWer 
than 20% of the total utiliZed in preparing the ?nal 
copolymer, could be also present. 

The preferred system is to operate in absence of chain 
transfer agents, or in the presence of chain transfer agents in 
amounts less than 1% by Weight With respect to the total 
monomers, preferably less than 0.2% by Weight, for the 
preparation of the high molecular Weight fraction, in par 
ticular for pipes, speci?cally to make ?exible pipes for the 
petroleum transport to be utiliZed at high sea depths. 

The skill man in the art can easily ?nd other processes to 
prepare the copolymers of the invention, alloWing to obtain 
the high and loW molecular Weights fractions in the above 
indicated ratios. For instance by modifying the synthesis 
conditions, in semi-batch or continuous polymeriZation pro 
cess. 

An example of semi-batch process is the one in Which 
temperature and pressure conditions change during the reac 
tion in order to produce the desired high and loW molecular 
Weight fractions. 

In the case of continuous process, tWo cascade polymer 
iZation reactors can be utiliZed Wherein in the former the 
polymeriZation conditions are such as to produce the loW 
molecular Weight fraction and in the latter the synthesis 
conditions alloW the formation of the high molecular Weight 
fraction. 

The loW molecular Weight fraction viscosity can be 
estimated according to a method set up by the Applicant, ie 
by a priori draWing through experiments a calibration curve 
viscosity v. The amount of chain transfer agent in terms of 
concentration referred to the reaction medium, for instance 
Water in the case of the polymeriZation in emulsion, the 
organic phase (or part thereof) in the case of the polymer 
iZation in suspension. It is to be noticed that the organic 
phase can be formed only by the monomers of by the 
monomers and organic solvents. See Example 1 for a 
detailed description of this procedure. 

The chain transfer agents Which can be mentioned are for 
instance: ketones, esters, ethers or aliphatic alcohols having 
from 3 to 10 carbon atoms; hydrocarbons or halogen 
containing hydrocarbons, having from 1 to 6 carbon atoms; 
bis(alkyl)carbonates Wherein the alkyl has from 1 to 5 
carbon atoms; etc. Among them, chloroform and methylcy 
clopentane are particularly preferred. The total amount of 
the utiliZed chain transfer agent can range Within rather Wide 
limits, depending on the type of monomers used, on the 
reaction temperature and pressure. Generally, such amount 
ranges from 0.01 to 30% by Weight, preferably from 0.05 to 
10% by Weight, With respect to the total amount of mono 
mers introduced in the reactor. 

As modifying comonomers of the copolymers of the 
invention can be mentioned those Well knoWn in the art such 
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4 
as for instance a ?uoro-containing vinylic comonomer, as a 
(per)?uoroalkylvinylether Wherein the alkyl has 1—4 carbon 
atoms, in particular per?uoropropylvinylether, see U.S. Pat. 
No. 3,624,250. Other possible comonomers, alternative to 
the previous ones, having for instance the formula 
R—CH=CH2, Wherein R is a per?uoroalkyl or a 
pe?uoroalkoxyper?uoroalkyl, are described in the patents 
EP 185.241, EP 185.242, US. Pat. No. 3,847,881, US. Pat. 
No. 4,513,129. 

The Applicant has found that also other modifying 
comonomers such as ?uorodioxoles can be used, see for 

instance the patents US. Pat. No. 3,865,845, EP-76,581, 
EP-80,187, EP-95,077, EP-73,087; the European patent 
application EP 720,991, in particular 2,2,4,-tri?uoro-5 
tri?uorometoxy-1,3-dioxole 

The copolymer of the present invention comprises: 
(a) from 30 to 70%, preferably from 40 to 60%, by moles of 

ethylene; 
(b) from 30 to 70%, preferably from 40 to 60%, by moles of 

a ?uoro-containing monomer selected from 
tetra?uoroethylene, chlorotri?uoroethylene, or their mix 
tures; 

(c) from 0.1 to 10%, preferably from 0.3 to 5%, even more 
preferably from 0.5 to 2.5% by moles With respect to the 
total amount of monomers (a) and (b), of a modifying 
monomer as indicated above. 

The copolymers object of the present invention can be 
prepared according to knoWn techniques, by copolymeriZa 
tion of the corresponding monomers, in suspension in 
organic medium or in aqueous emulsion, in the presence of 
a suitable radical initiator, at a temperature comprised 
betWeen —60° and +150° C., preferably betWeen —20° and 
+100° C. The reaction pressure is generally comprised 
betWeen 0.5 and 100 bar, preferably betWeen 5 and 40 bar. 
Among the various radical initiators, can be in particular 

employed: 
(i) bis-acylperoxides of formula (RFCO—O)2, Wherein Rf 

is a (per)haloalkyl C1—C1O (see for instance the patents 
EP-185,242 and Us. Pat. No. 4,513,129), or a per?uo 
ropolyoxyalkylenic group (see for instance the patents 
EP-186,215 and Us. Pat. No. 5,021,516); among them, 
bis-trichloroacetylperoxide and bis 
dichloro?uoroacetylperoxide are particularly preferred; 

(ii) dialkylperoxides, of Which diterbutylperoxide (DTBP) is 
particularly preferred; 

(iii) -Water-soluble inorganic peroxides, such as persul 
phates or ammonium or alkaline metals persulphates; 
ammonium or potassium persulphate is particularly pre 
ferred; 

(iv) dialkylperoxydicarbonates, Wherein the alkyl has From 
1 to 8 carbon atoms, such as for instance di-n-propyl 
peroxydicarbonate and di-isopropyl-peroxydicarbonate 
(see the patent EP-526,216); 

(v) organic or inorganic redox systems, such as ammonium 
persulphate/sodium sulphite, hydrogen peroxide/ 
aminoiminomethansulphinic acid, etc. 
In the case of suspension polymeriZation, the reaction 

medium is formed by an organic phase, to Which Water is 
usually added in order to favour the heat dispersion occur 
ring during the reaction. The organic phase can be formed by 
the monomers themselves, Without addition of solvents, or 
by the monomers dissolved in a suitable organic solvent. As 
organic solvents chloro?uorocarbons are conventionally 
employed, such as: 

CCIZF2 (CFC-12), CCl3F (CFC-11), CCIZFCCIF2 (CFC 
113), CCIFZCCIF2 (CFC-114), etc. Since such products 
have a destroying effect on the oZone present in the 
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stratosphere, alternative products have been lately 
proposed, such as the compounds containing only carbon, 
?uorine, hydrogen, and optionally oxygen, described in 
the patent U.S. Pat. No. 5,182,342. Avalid alternative are 
branched chain hydrocarbons described in the patent 
application EP 612,767, having from 6 to 25 carbon atoms 
and a ratio betWeen methyl groups and number of carbon 
atoms higher than 0.5, such as for instance 2,3 
dimethylbutane, 2,3-dimethylpentane, 2,2,4 
trimethylpentane, 2,2,4,6,6-pentamethylheptane, 2,2,4,4, 
6-pentamethylheptane, etc., or their mixtures. 
In the case of (co)polymeriZation in aqueous emulsion, 

the presence of a suitable surfactant is required. The most 
commonly used are the ?uoro-containing surfactants having 
the formula: 

Wherein Rf is a (per)?uoroalkylic chain C5—C16 or a (per) 
?uoropolyoxyalkylenic chain, X- is —COO‘ or —SO;, M+ 
is chosen from: H", NH4+, an alkaline metal ion. Among 
them We mention: ammonium and/or sodium per?uoro 
octanoate, (per)?uoropolyoxyalkylenes terminated With one 
or more carboxylic groups, etc. 

The process object of the present invention can be advan 
tageously carried out in the presence of emulsions or micro 
emulsions of per?uoropolyoxyalkylenes, according to the 
patents US. Pat. No. 4,789,717 and Us. Pat. No. 4,864,006, 
or also of microemulsions of ?uoropolyoxyalkylenes having 
hydrogen-containing end groups and/or hydrogen 
containing repeating unites, optionally in admixture With an 
hydrocarbon, according to the European patent application 
EP 625,526 and EP 712,882 in the name of the Applicant. 
Some Working examples of the present invention are 

reported hereinafter, the purpose of Which is merely illus 
trative but not limitative of the scope of the invention. 

EXAMPLE 1 

In a 18 liter enameled autoclave equipped With baf?es and 
stirrer Working at 450 rpm in Hastelloy C, 4.3 l of deminer 
aliZed Water, 1.7 l (1.36 kg) of methylic alcohol, 685 g of 
per?uoropropylvinylether and 3 kg of chlorotri?uoroethyl 
ene Were introduced. Then the temperature Was brought to 
5° C. Then ethylene Was fed up to a pressure of 11.35 
absolute bar. In the autoclave the radical initiator Was then 
introduced, under the form of a solution, maintained at —17° 
C., of trichloroacetylperoxide (TCAP) in isooctane having a 
titre reported in the Table, With a ?oW-rate of 7.5 cc/hour up 
to a consumption of ethylene of 125 g. At this conversion 40 
ml of chloroform Were introduced and successively the 
?oW-rate of initiator Was increased to 60 cc/hour. 

The pressure Was maintained constant for the Whole time 
of the polymeriZation by continuously feeding ethylene in 
the reeactor up to a consumption of 250 g. The other reaction 
parameters, the Melt FloW Index (MFI) according to ASTM 
3275-89 and the second melting temperature (Tm (II)) 
determined by differential scanning calorimetry (DSC) of 
the obtained polymer are reported in the Table. 

The mechanical properties at 175° C. reported in the Table 
Were obtained according to ASTM D1708, by utiliZing 
compression molded plaques. 

The How curve (shear viscosity/shear-rate) of the polymer 
Was made at 275° C. according to ASTM D3835 in the 
1—1000 s'1 range, from Which the processability WindoW 
and the slope determined betWeen 1 and 10 sec-1 of shear 
rate are obtained. 
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6 
Obtainment of the LoW Molecular Weights Fraction Viscos 
ity 
1. Obtainment of the calibration curve 

Various products Were polymeriZed by introducing in the 
autoclave different amounts of chloroform only at the 
beginning, so as to have different concentration ratios 
betWeen chloroform (ml) and chlorotri?uoroethylene (kg). 
The operating conditions of the reactions (pressure and 
temperature) are those of the examples. Such synthesiZed 
products Were characteriZed from the rheologic point of 
vieW by evaluating in particular the shear viscosity at the 
shear-rate of 1 sec-1 (at 275° C.). 

In this Way a viscosity-concentration ratio curve is 
obtained, Wherefore by regression the folloWing formula for 
the viscosity 1] in Pa.sec is obtained: 

(1) 
Kg CTFE 

2. Evaluation of the Viscosity 
The viscosity evaluation of the loW molecular Weight 

fraction is obtained by calculating the concentration ratio 
betWeen chloroform and chlorotri?uoroethylene remaining 
in the reaction at the time of the addition of the chloroform. 
For instance, for the reaction of Example 1, the remaining 
amount of CTFE is about 2.2 kg, from the mass balance, 
consequently introducing 40 ml of CHCl3 in the autoclave 
obtaining a ratio of 18.2 ml/kg. Therefore from equation (I) 
a viscosity of 255 Pa.s. is obtained. 

EXAMPLE 2 

Test of Pipe Extrusion 

The polymer of Example 1 Was used, the necessary 
amount of Which for the extrusion Was obtained by various 
polymeriZations. 

The polymer Was processed in a singlescreW extruder 
having a diameter of 45 mm With a die of internal diameter 
of 54.7 mm and external diameter of 65.66 mm. The 
operating conditions of the extrusion test are the folloWing: 
screW rate=60 rpm 
?oW-rate=25 kg/hour 
line speed=0.6 m/min 
melt temperature=280° C. 

In this Way a pipe having a diameter of 50 mm With a 
thickness of 3.2 mm Was obtained. The pipe has a smooth 
surface inside and outside, With mechanical properties prac 
tically equal to those described in Example 1. 

EXAMPLE 3 

Example 1 Was repeated except that at the conversion of 
125 g, 60 ml of chloroform Were introduced. 

EXAMPLE 4 

In an enameled autoclave equipped With baf?es and stirrer 
Working at 450 rpm in Hastelloy C, 4.3 l of demineraliZed 
Water, 1.7 l of methylic alcohol, 300 g of 2,2,4-tri?uoro-5 
tri?uorometoxy-1,3-dioxole (TTD) and 3 kg of chlorotrif 
luoroethylene Were introduced. The autoclave is brought 
then to the reaction temperature of 5° C. 
Then ethylene Was fed up to a pressure of 11.35 absolute 

bar. In the autoclave the radical initiator Was then 
introduced, under the form of a solution, maintained at —17° 
C. of trichloroacetylperoxide (TCAP) in isooctane having 
the titre reported in the Table, With a ?oW-rate of 7.5 cc/hour 
up to an ethylene consumption of 175 g. 
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At this conversion 54 ml of chloroform Were introduced 
and successively the ?oW-rate of initiator Was increased to 
60 cc/hour. 

The pressure Was maintained constant for the Whole time 
of the polymeriZation by continuously feeding ethylene in 
the reactor up to a consumption of 250 g. The other reaction 
parameters, the Melt FloW Index (MFI), the second melting 
temperature (Tm (II)), the mechanical properties at 175° C. 
and the polymer processability WindoW are reported in the 
Table. 

EXAMPLE 5 (comparative) 

Example 4 Was repeated except that 5 ml of chloroform 
Were introduced after the addition of the methylic alcohol, 
While no amount of chloroform during the reaction Was 
added and the ?oW-rate of the radical initiator Was alWays 
kept at 7.5 cc/hour. 

EXAMPLE 6 

The polymer of Example 1 Was processed in a single 
screW extruder having a diameter of 45 mm equipped With 
a ?at head to produce sheets. The test operating conditions 
are the folloWing: 
ScreW rate: 35 rpm 
Line speed: 0.6 m/min 
Melt temperature: 275° C. 
Calender temperature: 225° C. 
A sheet having a thickness of 1 mm Was thus obtained. 

EXAMPLE 7 

The sheet of Example 6 Was thermoformed at 170° C. and 
185° C. and at tWo forming rates of 1 mm/min and 50 
mm/min. Fractures have not been noticed in anyone of the 
four cases. 

EXAMPLE 8 

The polymer of Example 1 Was processed in a single 
screW extruder having a diameter of 38 mm equipped With 
a die having an internal diameter of 2.1 mm and an external 
diameter of 3.2 mm. 
The test operating conditions are the folloWing: 
ScreW rate: 33 rpm 
Line speed: 160 m/min 
Melt temperature: 286° C. 
A Wire having the conductor (copper) of 0.8 mm diameter 
and insulator thickness of 0.22 mm Was thus obtained. 

EXAMPLE 9 

Example 1 Was repeated except that 0.5 ml of chloroform 
have been fed after addition of methyl alcohol. 

TABLE 1 

5 
EXAMPLE 1 3 4 (comp) 9 

Reaction time, min 290 360 304 300 350 
Rp (polymer g/min) 7.2 6.2 7.4 6.8 6.3 
TCAP titre solution 0.09 0.13 0.13 0.11 0.10 

(g TCAP/ml) 
Characterization 

MFI (5 kg) (g/10') 0.6 1.9 0.4 0.3 1.0 
Trn (II) ° C. 229 230 229 229 229 
n (a 1s’1) (Pa - s) 4.5 - 104 2.5 - 104 4 - 104 4.5 104 3.2 104 
(1)11 (a 1ST1) (Pa - s) 255 30 20 _ 255 
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TABLE 1-continued 

5 
EXAMPLE 1 3 4 (comp) 9 

Processability 1-700 1-1000 90-500 @1-5 1-700 
Window (s71) 
FloW curve slope 2890 1250 3860 3330 2777 
between 1 and 10 

sec’1 (Pa - s2) 
Mechanical proper 
ties at 175° C. 

Elastic modulus, 16 20 19 23 15 
MPa 
Yield point, MPa 1.7 1.8 1.9 2.3 1.6 
Yield elongation, % 48 40 40 50 35 
Stress at break, MPa 5.8 5.1 4.6 4.2 5.3 
Elongation at break, 850 920 680 500 908 
% 

(Dvalues evaluated With equation (I) for the lOW molecular Weigh fraction 
(2)the extruded product shoWs a slight roughness 

We claim: 
1. Process for the synthesis of ECTFE and ETFE ?uoro 

containing copolymers having a bimodal molecular Weight 
distribution comprising polymeriZing the respective 
comonomers until 40—95% by Weight on the total of the 
polymer is obtained, and then adding a chain transfer agent 
for preparing a loW molecular Weight fraction of the distri 
bution. 

2. Process for the synthesis of the copolymers according 
to claim 1, Wherein in the phase of preparation of the high 
molecular Weights an amount of chain transfer agent, loWer 
than 20% by Weight of the total utiliZed in the preparation of 
the ?nal copolymer product, is present. 

3. Process for the synthesis of the copolymers according 
to claim 1, Wherein in the preparation phase of the high 
molecular Weights one operates in absence of chain transfer 
agents, or in the presence of chain transfer agents in amount 
less than 1% by Weight With respect to the total monomers. 

4. Process for the synthesis of the copolymers according 
to claim 1, Wherein the chain transfer agents are chosen 
from: ketones, esters, ethers or aliphatic alcohols having 
from 3 to 10 carbon atoms; hydrocarbons or halogen 
containing hydrocarbons, having from 1 to 6 carbon atoms; 
bis(alkyl)carbonates in Which the alkyl has from 1 to 5 
carbon atoms. 

5. Process for the synthesis of the copolymers according 
to claim 4, Wherein the chain transfer agents are chloroform 
or methylcyclopentane. 

6. Process for the synthesis of the copolymers according 
to claim 4, Wherein the total amount of chain transfer agent 
employed ranges from 0.01 to 30% by Weight With respect 
to the total amount of monomers. 

7. Process for the synthesis of the copolymers according 
to claim 6 Wherein the total amount of chain transfer agent 
employed ranges from 0.05 to 10% by Weight. 

8. Process for the synthesis of the copolymers according 
to claim 1, further comprising the presence of one or more 
additional comonomers, the total amount of Which is com 
prised betWeen 0.1 and 10% by moles, having a viscosity 
betWeen 102 and 105 Pa.sec With shear rates of 1 sec“1 
measured at the temperature of about 30°—50° C. greater 
than the second melting temperature, and having a rheologic 
curve in the diagram shear viscosity/shear-rate having a 
slope greater than 200, calculated as a ratio betWeen the 
viscosity in Pa.sec and the shear-rate in sec“1 in the shear 
rate range comprised betWeen 1 and 10 s_1, said curve 
having a processability Zone With shear-rate values higher 
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than 10 sec“; said one or more modifying comonomers is 
selected from the group consisting of: a ?uoro-containing 
vinylic comonomer, comonomers of formula 
R—CH=CH2, Wherein R is a per?uoroalkyl or a 
per?uoroalkoXy-per?uoroalkyl and ?uorodioXoles. 

9. Process for the synthesis of the copolymers according 
to claim 8, Wherein the modifying comonomer is chosen 
from 2,2,4-tri?uoro-5-tri?uoromethoXy-1,3-dioXole (TTD), 
(per)?uoroalkylvinylethers Wherein the alkyl has 1—4 carbon 
atoms, in particular per?uoropropylvinylether. 

10. Process for the synthesis of the copolymers according 
to claim 1, Wherein the obtained copolymer comprises: 
(a) from 30 to 70% by moles of ethylene; 
(b) from 30 to 70% by moles of a ?uoro-containing mono 
mer chosen from 
chlorotri?uoroethylene, or their mixtures; 

tetra?uoroethylene, 15 
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(c) from 0.1 to 10% by moles With respect to the total 

amount of monomers (a) and (b), of a modifying mono 
mer of the previous claims. 

11. Process for the synthesis of the copolymers according 
to claim 10, Wherein the copolymer obtained comprises: 

(a) from 40 to 60% by moles of ethylene; 

(b) from 40 to 60% by moles of a ?uoro-containing mono 
mer selected from tetra?uoroethylene, 
chlorotri?uoroethylene, or their mixtures; 

(c) from 0.5 to 2.5% by moles With respect to the total 
amount of monomers (a) and (b), of a modifying mono 
mer of the previous claims. 

* * * * * 


